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(54) METHOD FOR RECOVERING AND REGENERATINQ PERITONEAL DIALYZATE, APPARATUS 
THEREFOR, AND ATTACHMENTS THEREOF 



(57) The present invention is a recovery and regen- 
eratbn process of peritoneal dialysate for chronide 
renal failure patient and an apparatus therefor and an 
attachment thereof. 

For recycling the patient's plasnia protein as osmotic 
agent in peritoneal dialysis liquor, the effluent is recov- 
ered and vrevmc toxin is removed without denaturing the 
plasma protein under sterile condition and concentrated 
to the consistency to create hyper-osmolality so as to 
regenerate the efficient and physiologically safe dia- 
lysate t>y the following way : 



The recovered fiquor is concentrated with semi*perme- 
aUe membrane to the consistency not so high as to be 
denatured and thence diluted with stenle water or phys- 
iological electrolyte solution repeatedly a few times* so 
that small molecule uremic toxin and excess liquor Is 
removed to raise the osmolality. If needed, electrolyte, 
amino add or other useful solute is added for obtaining 
hyper-osmolality. 

The invention also provides the apparatus and the 
attadiments fot the process^ 
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Description 

FIELD OF THE INVENTION 

5 [0001 1 The present invention relates to the recovery and regeneration process of peritoneal dialysate that is used tor 
dialysis therapy of renal failure, from which urenrwc toxin is removed* if needed, any useful components are supple- 
mented for its reuse and its apparatus and attachments for the process 

BACKGROUND OF THE INVENTION 

10 

[0002] As the therapy for chronic renal failure disease, hemodialysis has been widely applied in the world and enteral 
uremic toxin absortwr is used tjefbre starting dialysis.. Additionally continuous ambulatory peritoneal dialysis has been 
also applied and recognized to have many advantages over hemoKlialysis as it removes uren*; toxin cortfnuously 
through the patient's peritoneum like living kidney does, compared with hemodialysis which uses artHfcial sem?)er- 
15 meable men*rane. and it allows the patient receive the therapy at patient home so that he has longer free time for 
social activity. However peritoneal dialysis has a few problems to be improved as follows; 

[00031 In peritoneal dialysis, the dialysate is infused into the patient peritoneal cavity through the implanted catheter 
and after a few hours dwelling or recirculating, it is drained out. This procedure is repeated a few times a day. The dia- 
lysate is made of electrolyte solulfon. The chrortical renal faili^e patient is incapable to exclude uremic toxin into urine. 
20 Consequently in peritoneal dialysis therapy, uremic toxin such as urea, creatinine and uric add are diffused out from 
blood vessel through peritoneum into dialysate in peritoneal cavity. 

[0004J Also excess liquid must be excluded from the body like kWney does in urina In hemo-dialysis. exlracoporeal 
blood circulation Rne is kept at higher pressure against dialysate drculatton fine, so excess fiquor in bkxxl is squeezed 
out through the dialyzer menrt>rane. 

25 [0005] In peritoneal dialysis, such static pressure difference may not be created between blood and dialysate. Con- 
sequently hyperosmotic solution is used as dialysate in which excess liquid in the patient body is ultraf iltered through 
peritoneum by osmotic pressure gradient Hyperosmotic dialysate is prepared by dissolving oncotic agent such as glu- 
cose into electrolyte solution at signif teantly high consistency. However it is observed recently that after long term dial- 
ysis, CAPD patients suffer from severe adverse effect due to the intake of a large quantity of glucose that is added as 

30 oncotic agent ttirough peritoneum from the dialysate every day; such as, obesity, hyperfipemia{hWi triglyceride consist- 
ency in serum), arterial vessel sclerosis and worsened diabetes 

[00061 In order to avoid such adverse effect, various alternative oncotic agents to replace glucose have been 
atlenpted, such as oligosaccharkJes. hydrolyzed polysaccharides, amino ackf. or hydrolyzed protein. 
However every substitute has been reported to cause new problems; disturbance of metabolism, inaease in maltose 
35 consistence in serum with oligo- and polysaccharides, high cost with amino ackJ. caramel reaction with mixture of 
amino add and sugar, anergy reaction virith gelatin and hydrolyzed protein, etc, if these are used in large quantity every 
day.. 

Albumin has been recognizeid as most physfotogical osmotic agent. However a large quantity of albumin from plasma 
may not be collected for the source without problem in economy and anemia 

40 [00071 vymileasdte has been observed in some lever, pancreas and womb cancer patients a^ 

similar consistency to that in serum. For therapy of the disease, the asdte is withdrawn out of abdominal cavity, concen- 
trated and re-infused into the patient venous vessel. In case it was relumed to abdominal cavity instead of venous ves- 
sel, it was reported to irr^rove edema. However these patients had no renal dysfunction disease, the ascites dki not 
contain uremic toxin so ttiat no attempt was nrade to remove the toxin. 

45 [0008] The present invention aims at recovering albumin and otiier plasma protein from ttie peritoneal dialysis effluent 
.removing uremic toxin .concentrating it and reusing it as osmotic agent In place of glucose, tiience resolving the phys- 
iological and clinical problems due to adverse effect of glucose tiiat fe used as oncotic agent The key point is how to 
recover the saW protein wittiout denaturing out of the dialysis effluent how to remove uremic toxin and how to accumu- 
late it at high consistency under sterile conditions and how to reuse it 

50 [00091 The presert invention also relates to the inslmment and andOaries for ttieproc^ 

DESCRIPTION OF THE INVENTION 

(Recovery and Regeneration of Peritoneal Dialysate) 

[00101 The present invention relates to the process to repeat ttie unrt procedure of concentrating the plasma protein 
without denaturing vwth semi-pemrieable membrane of appropriate cut-off point ( maximum penmeable molecular 
weight ) and diluting tiie concentrate with physiologteally efffcadous liquor, so as to remove small molecular weight ure- 
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mic toxin out of the diatysts effluent and to concentrate the high nrx}lecular sotute to Ngh cdlokia) osmolality thence to 
supplement electrolyte salt and any useful corrponents for regenerating peritoneal dialysate. 

(Recovery and RegeneraOng Apparatus) 

5 

[001 1 ] The apparatus of the present invention is a recovery and regenerating Apparatus, which comprises a novel 
draining catheter, unit devices to concentrate and to dilute peritonieal dialysate, and a novel infusing as main compo- 
nents. 

10 (Attachments) 

[0012] The attachments of the present invention comprises catheter, of which the middle part to implant under the 
abdominal skin, is in shape of single smooth cylindrical tid)e 

alone respectively fa improving recirculation flow of the dialysate in peritoneal cavity. The outer part and inner part of 
15 the catheter is divided in two tut>es. The draining tut)e end is connected with reverse flow-proof valve and the infusing 
tube end is connected with bacteria-proof filter. 

(Semi-permeable Membrane) 

20 [0013] In the present invention, semi-penneable membrane with appropriate cut-off point is used for uremic toxin 
removal. Here 'cut-off point" indicates the maximum molecular weight (daiton) to pass through. 
[0014] Main uremic toxin, such as. urea, creatinine and uric add are smaD molecular weight substance, below 200 
daiton. while albumin has approximately 68.00 daiton molecular weight 

[0015] So that the cut-off point of the semi-permeable membrane of the concentrating unit (11.15) may be selected 
25 between the above two values. preferak)ly between 500 and 30.000 to minimize the loss of albunrvn. 

[001 6] If the effluent contains substantial quantity of middle nx)lecule (500—5,000 daiton) uren^c tcorin. the appropri- 
ate cut-off point would be between 5.000 and 30,000.dalton. 

[0017] In case the patient has amyloidosis symptom, amyloid, for example, beta 2-micro globulin, must be removed. 
As the substance has 1 1 ,000 daiton nfx>lecular weight, the cut-off point should be between 15.000 and 30,000 daiton. 

30 

(Concentrating) 

[0018] In concentrating procedure with semi-permeable membrane, the removing coeffident is estimated by the Ibl- 
towing formula; where the concentrating ratio by volume is C; 

35 

100x(1-1/C)»r 
[001 9] According to the above formula, as C increases r increases. 

However if C exceeds a certain level, the protein loses the solubility and deposits Irreversibly. Therefore the upper limit 
40 ofC must be not so great to make the proteb) hard to resolve agaia 
The lower limit would be as low as 1.5 times (a) 
Below this level, the efficiency would be too small 

(DHuting) 

45 

[0020] The limit of diluting ratio would be as follows; 

Lower limit is as low as 0.5 times (b). Below this level next concentrating ratio is restricted to be lower than this level, 
resulting in uremic toixin renxival effidency too low. 
50 Upper limit is practlcaDy physical limit, tf the diluting liquor volume exceed 1 ,000 liter, the regenerated liquor reser- 
voir (20) may not be easily installed at the patient home 

[0021] In order to reduce the residual quantity of uremic toxin as low as 1/10 or preferably 1/25 . the cyde of concen- 
tration/ dilution unit procedure must be repeated once or a few times more 
55 [0022] Diluting liquor could be sterile conventional peritoneal dialysate. Typical dialysate composition is shown in 
Table 2. 

Main electrolyte salt, for example. NaCI. MgCl2. CaCl2. can be mixed with lactate or bicarbonate. Instead of electrolyte 
solution, sterile or bacteria free pure water can be used in this invention. 
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[0023] After the repeated concentration and dHution a few times, the final concentrate is adjusted to preset consist- 
ency by addition of diluting liquor and^a concentrate fbr regeneration of dialysate within the volume not exceed that of 
the effluent 

5 (PreWation) 

[0024] in the effluent, cell and fibrin that Is deposited plasma components are contained so that this spTid is to be 
removed with pre-f iltration(6). 

10 (Absorption) 

[0025] Among the globulin fraction with molecular weight 100.000—1,500.000 dalton. auto-immune antibody, com- 
plement, and lipoprotein are contained in case of rheumalto. lupus erythematosus and myasthenia gravis . If this 
malignant solute becomes accumulated to a high level in the recycled dialysate. it may st^ress this substance to dif- 
75 fuse out through peritoneum into abdominal cavity furthermore. This is not desirable and halves the advantage of CAPD 
therapy In order to remove these accumulated malignant fracdons. before the first concentration, semi-permeable 
membrane (7) with cut-off point 100.000—1 .000.000 dalton can be used. Also absorption column(8) that is made of. for 
example, porous copolymer of methyl methacrylate /divinyt t}enzene. epoocy cellulose gel, asparty^henylalanine meth- 
ylester or copofynter of stylene/divinyl benzene can be used, (d) 

so 

(Protein Supplement) 

[0026] Usually peritoneal dialysts is performed a few times a day with low concentration glucose containing dialysate 
in addition to one or two hyper-osmotic dialysate fbr uHrafiltration. Into these dalysate plasma protein is diffused out 
25 through peritoneum every tima In the invented process, the newly diffused out protein may compensate partly or com- 
pletely the loss of plasma protein during regeneration and contributes to maintaining mass balance 
[00271 However in case of the patient whose malignant globulin is to be removed, loss exceeds diffused protein. In 
that case, required osmolality can be obtained with amino add, albumin or oligomer of hydrotyzed protein. 

30 (Catheter and Other attachments) 

[0028] In the apparatus according to the present invention, which is Qlustrated in Rgure 1 , a new type of catheter is 
used which was illustrated in the preceding patent application by the same applicant as does this patent, or described 
in the claims 8 and 9 of this inventioa The catheter consists of two tubes; Le. infusing tube (3) and draining tuba(2) in 
35 Rgure 1. 

[0029] In place of the above two catheters, the invented instrument can be connected with new double lumen type of 
catheter directly or through reverse-proof valve(33). bacteria-proof filter (34) and pump (26) with soft polyvinyl chloride 
tube. 

40 (Concentrating unit) 

[0030] In the concentrating unit (1 1 .1 5) of drained liquor, semi-penneable membrane in shape of hollow fiber or folded 
membrane plate is used in which the drained liqua is introduced under pressure. The concentrating unit membrane can 
be made of any synthetic polymer or animal organ membrana 

45 

(Electrolyte liquor supply unit) 

[0031] In the apparatus according to the present inventioa the electrolyte fiquor supply unit (13. 1 7) is connected to 
the concentrate reservoir (12. 16) or the exit of the concentrating unit (1 1 . 15). The material for this unit is not restricted 

so as far as it does not denature water or electrotyta 

Supply of electrolyte liquor can be made either gravity or pump. The electrolyte liquor si^Dpiy unit can be soft bag made 
of polyvinylchloride with valve or any other material that does not denature the liquor. As described, a pair of concen- 
trating unit (1 1) and the electrolyte sipply unit (13) can be repeatedly connected in a series.( 15, 17) if needed. Other- 
wise the drained liquor can be recycled through a pair of the concentrating unit and electrolyte supply unit by connecting 

55 the exit of the electrolyte supply unit with the entrance of the concentrating unit and re-ctrculating with pump. The final 
exit of the above unit is connected with the regenerated liquor reservoir (20) then the exit of the reservoir is connected 
with pump (26) and the infusing catheter (3) through soft polyvinyl chloride tut>e. 
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(RItration) 

[0032] As described in ClaimG, before the first concentration (1 1) , solid suspension such as f Oxin are removed with 
the pre-f liter (6) of which the pore size is beicw 100 nanometer, if needed, a large molecule globulin is removed with the 
5 semi-pemneable membrane filter (7) of which cut-off point is between 100.000 and 1 .000.000 dalton 

(Automation system) 

[0033] The invention in Claim 8 is automation system, which comprises automated regeneration system of peritoneal 

10 dialysate (g) andAutomated dialysate infusing and draining system (f). 

[0034] The system (f) has the function to drain the dialysate from the patient abdominal cavity , that is stored for a few 
hours . through the draining catheter then to infuse the regenerated dialysate through the infusing catheter by opening 
and closing the valves and switch on and off the pumps according to the preset program In the sateHite computer (40) 
or the order from the host computer(4l). 

IS Such an Instrument is called "autocyder*. Hyper-osmotic dialysate that is regenerated In the invention can be used in 
daytime or at night. 

[0035] After keeping the effluent in the reservoir (9), the system (g) has the function to regenerate the dialysate. i.e. 
concentration, dilution and consistency adjustment, automatically in daytime, when the patient leaves away from the 
Instrument for daily life, from the effluent recovered at night by the controller(42) according to preset program in the sat- 
20 elTite computer (40) or the order from the host computer (41) 

(Catheter) 

[0036] The new catheter that Is illustrated in Figure 2 is used in place of two calh^ers(2 and 3) illustrated in Figure 
25 1 . The implanted part in human ventral lateral tunnel of the catheter is in shape of a single tube for reducing bacteria 
invasion along the tunnel. The catheter comprises a con-centric double lumen tube(29}, of which one(37) leads the liq- 
uor drain alone, the other(38) infusion alone. 

[0037] The former end is connected with reverse flow-proof valve(33), while the latter is connected with bacteria-proof 
fliter(34) and nrale^emale connection terminal. 
30 [0038] The catheter illustrated in Figure 3 .is in the shape of a single cylindrical tube in the middle part(30) in which 
two semicircle lumens lead the dialysate flow inward alone(36) and outward alone (35) respectiveiy. The Inner part and 
outer part are in the shape of divided two tubes. 

(Other attachments) 

35 

[0039] Attachments described in Daim 11 are the reverse flow-proof valve(33) connected with the draining catheter 
exit(37) end so that it prevents flow back in of the liquor that flow out of the bocfy once and bacteria-proof f ilter(34) of 
which membrane cut-off point is below 50 nanometer, connected with the infusing catheter entrance(3d) that prevent 
bacteria invasion These attachments are exchanged by nurse once every month or two when the patient visits hospital. 

40 

(Use of the regenerated dialysate and the conventional one) 

[0040] For the first few weeks after the invented instnnnent Is installed at the patienTs home^ peritoneal cBalysis is 
performed with conventional dialysate that contain glucose as osmotic agent while plasma protein is recovered from the 

45 effluent and accumulated in the reservoir until the quantity of protein reach to the suff ident level to provide 2 to 8 liter 
of hyper-osmolar dialysate .of which plasma protein consistency is greater than that of plasma, 6 to 8 gram/dedliter. 
Then dialysis with the regenerated dialysate is started. After the start, the loss of protein through the regeneration proc- 
ess may be compensated with the new diffused out protein approximately 9 g/liter from the patient body through peri- 
toneum, except In case of specific complication, and maintain mass balance with help of small quantity of amino acid 

so addition. . 

(Conventional peritoneal dialysis with glucose containing dialysate) 

[0041 ] Table 1 indicates dialysate composition, osmolality, ultrafiltration volume after dwelling in peritoneal cavity and 
55 energy intake based on glucose absorption through peritoneum from dialysate for each glucose content that is added 
as oncotic agent in dialysate at each osmotic pressure level 
Typical example of usage per day is; 
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One bag of 4^5% dextrose (one molecule hydrate glucose) 

and three t>ags of 1 .S% dextrose or 

two bags of 2.5% dextrose and two bags of 1.5% dextrose 

With this prescription, 1 to 2 liter of ultrafiltration is gained, which is almost equivalent to healthy person's urine volume 
per day. 

When the regenerated dialysate by the present invention is used, conventional 1.5-% glucose containing dlalysate can 
be used. The regenerated hyper*osnx>lar dialysate take place of conventionat 4^5% or 2.5% glucose dialysate 
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Table 1 



Dextrose Ck>nc. % 


OsmolaKtymOsm/l 


UltrafiltFalion Volume ml 
in 3 hours 


Energy Intake kcal/ 2 
liter 


1.5 


346 


150 


80 


2.5 


396 


320 


140 


425 


485 


900 


280 



20 BRIEF DESCRIPTION OF DRAWINGS 



2S 



[0042] 

Figure 1 
ngure2 
Figure 3 
Figure 4 



Peritoneal Dialysate Regeneration System 
Catheter of the Present Invention 
Another Catheter 

Computerized Regeneratkm System 



Mark Number 



30 



[0043] 




7~ 
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40 



10- 
11- 
12- 
45 13- 
14- 



16 

17 

50 18 

19 

20a 

21 

55 22 

23 

24 

24a 



Abdominal Cavity 

Draining Catheter 

Infusing Catheter 

Connector 

Pump 

Pre-fOter 

Filter 

Absorption Unit (1) 
Effluent Reservoir 
Pump 

Concentrating Unit (1) 
Concentrate Resen^oir 
Electrolyte liquor Supply Unit (1) 
Pump 

Concentrating Unit (2) 
Concentrate Reservoir (2) 
Electrolyte liquor Siqsply Unit (2) 
Pump 

Absorption Unit (2) 
Regenerated Liquor Reservoir 
Regenerated Liquor Reservoir Valve 
Amino AckJ Supply Unit 
Electrolyte Concentrate Supply Unit (1) 
Electrolyte Concentrate Supply Unit (2) 
Manufactured Dialysate Bag (1) 
Manufactured Dialysate Valve 
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25 


Manufactured Diaiysate Bag (2) 




25a 


Manufactured Diaiysate Valve 




26 


Pump 




27 


Connector 


5 


28 


Controller 




29— 


Concentric Dout)le Lumen Catheter 




30—-— 


Ventral Lateral Implanted Part 




31 


Abdominal Cavity Inside Part 




32^ 


Outer Part 


10 


33 


Reverse Flow-Proof Valve 




34 


Bacteria Invasion-Proof Filter 




35 


Draining Route 




36**"*"** 


Infusion Route 




37 


Draining Route 


15 


38 


Infusion Route 






Pump 




40 


Computer 




41 


Host Computer 




42 


Controller 


20 


43 


Ventral Lateral 




44—-— 


Mensuration Meter 



MOST PREFERRABLE EMBODYMENT FOR CARRYING OUT THE INVENTION 
25 [0044] Exanrple of regenerated liquor composition and operation procedure of the apparatus is described as foHcws; 
(Regenerated Diaiysate Composition) 

[0045] The composition of the diaiysate must be adjusted to minor extent to individual patient condition.. Hyper-phos- 
30 phatemia, Hyper-calcemia* Hyper-magnesemia, Acidosis or Alkalosis, however most of the cases, similar composition 
to those listed in Table 2 can be used 



Table 2 



35 



40 



45 



50 



(unit mEq/l) 


Trade Name 


Na* 


Ca** 


Mg** 


a 


Lactate 


Dianeal 












PD1 


132 


3.5 


1.5 


102 


35 


PD2 


132 


3.5 


0.5 


96 


40 


PD4 


132 


2.5 


0.5 


95 


40 


Perisate 


132 


4.0 


1.0 


102 


35 


Perisate L Ca 


132 


2.3 


1.0 


98.3 


37 


Peritoliq 


135 


4.0 


1.5 


105.5 


35 


Gambrosol 


132 


3.5 


0.5 


96 


40 


GambrosolSKQ 


132 


2.0 


0.5 


94.5 


40 


GanrtrosolTCD 


135 


2.5 


0.5 


98 


40 



(Osmotic Pressure of Regenerated Diaiysate ) 

55 

[0046] Blood contains 6 to 8 gram/deciliter proten and has approximately 290mOsm/l osmotic pressure. So that for 
uttraf iltratioh. hyper-osmolar diaiysate must oontainat rrvnimum 8 gram/dedtiter, preferably 10 gram/dedliter protein up 
to solubility concentration at maximunL In case needed amino acid Is to be added. 
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The osmolality of the regenerated dialysate is to be between 300 and 500 mOsm/l. 
(Usage of Regenerated Dialysate ) 

5 [0047] The selection of the osmolality for each dialysis cyde is widely variable to adjust to patient daily life. 
Typical example of dialysate osmolality is shown below in two cases; 



10 


Casel 






Storage Period hours 


Osmolality mOsnVI 


Use of Autocyder 




1 D^me 


14 


330 


not used 


1$ 


2 Night 


3 


400 


used 




3 Night 


4 


330 


used 




4 Night 


3 


400 


used 




Case 2 


20 




Storage Period (hours) 


Osmolarity (mOsm/Q 


Use of Autocyder 




1 Daytime 


5 


400 


not used 




2 Daytime 


8 


350 


not used 


25 


3 Night 


5 


400 


used 




4 Night 


6 


350 


used 



(Regeneration Procedure) 

30 

[0048] 

(1) Before steeping at night the patient connects his catheter with the instrument, and drains the dialysate. The 
effluent is f Qtered with the pre-f3ter( 6 and 7) and etored in the reservoir (9). The volume every tbne would be 

35 approximately 2 to 3 liters. 

(2) Effluent in daytime is also stored in the reservoir(9). 

(3) Whole liquor volume per day. 9 to 1 0 liter is concentrated down to below 2 fiters. The f atrate. 7 to 8 liters is dis- 
carded. 

(4) The concentrate is diluted with 8 liter of diluting liquor supplied from water or electrolyte supply unit (13). then 
AO concentrated down to below 2 liter in the co n centra ti ng unit (1^. 

One cyde of this operation reduces the residual quantity of small molecule solute approximately down to 1^. One 
more cyde reduces down to 1/25. 

By nrx>re times operation cyde wHh smaller dOutibn ratia the removal eff idency is improved at same whole diluting 

liquor volume usage. 

45 (^ If the patient has compTication symptom, such as amyloidosis, his drained dialysate is passed through the 
absorption unit(8). 

(6) Into the final reservoir(20), if needed, antino add is added. 

(7) Also electrolyte concentrate is added to the reservoir(20} to adjust electrolyte consistency of the regenerated 
dialysate. 

50 (8) The capadty of the final reservoir (20) is to be 1 0 liter or more 

(9) The invented instrument is equipped with auto cyding devices, pumps and valves, which is to t>e opened or 
dosed by the preset computer program in the controller (28). 

(Control system) 

55 

[0049] 

(10) The final reservdr(20) is equipped with liquor level meter, thermometer, specific densitometer, osmotic pres- 
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sure meter, electrolyte consistency meter, electroK»nductometer. or any other mensuration meters(44) and moni- 
taed data is memorized In the computer (40) or sent to the host-conputer (41) located in hospital or control center 
through the public line. According to doctor's prescription, any additional order is transferred from the host-compu- 
ter back to the amino add supply unit (21). concentrate electrolyte supply units(22 and 23 ) through the controller 
5 (42). In daytime when the patient is away from the Instrument for daily life, the instrument regenerate the dialysate 
automatically. 

At night the instrument works as autocycler to infuse and drain the dialysate according to the preset program In the 
computer (40) or the order from the host-computer (41) according to doctor's presaiption. by opening and closing 
the valves (24a. 25a)and switcNng on and off the pumps ( 5. 26) through the controller (28) 

10 

INDUSTRIAL APPLICABIUTY 

[0050] By the process and apparatus of the present invention, plasma protein is recovered from the effluent and 
reused as osmotic agent in place of glucose, consequently the adverse effect caused by glucose such as cbesity. 

15 hyper-irpemia, arteriovessel sclerosis, and diabetes, can be avoided. 

Dialysis therapy, i.e. removal of uremic tcodn and ultrafiltration, can be achieved without problem. 
By autocyder function, the patient is free from exchange operation in daytime and reduction of dwelled dialysate in the 
abdominal cavity make patient comfortable so that his quality of life can be improved. Also vwth the ancillaries. bacteria 
invasion is prevented so that infection rate is reduced. Lesser peritonitis and with no glucose adverse effect, peritoneum 

20 functiori can be maintained much longer. 

With host computer located In hospital or control center, patient can be remote monitored and controlled so as to be 
free from complicated instrument operation. Both safeties of home therapy and patient quality of life can be innproved. 

Claims 

25 

1 . A regeneration process of dialysate that is drained from peritoneal cavity of human body through implanted cathe- 
ter and recovered which comprises 

(a) a procedure to concentrate the recovered peritoneal dialysis effluent with sem'permeaWe membrane by 
30 one and a halt times at minimum and by the extent that the consistency of the organic solute becomes not too 

high to be easily resolved again at maximum. 

(b) a procedure to dOute the concentrate with bacteria-free or sterile electrolyte solution by 0.5 times of the con- 
centrate volume at minimum and by 1.000 Titer at maximum once or a few times of (a) and (b) procedure 
repeatedly, thence 

35 (c) a procedure to adjust the electrolyte solution volume to add at the final dilution in order not to exceed the 

effluent volume 

2. The recovery and regeneratfon process according to daim 1 , wherein the aforementioned concentration procedure 
(^ perfbmied with semipermeable membrane* of that maxinwrn permeable molecule lies between 500 to 30.000 

40 dalton. 

3. The recovery and regeneration process according to daim 1 or 2. in which amino add, albums, or hydrolyzed pro- 
tein oligomer or mixture of these substances Is added to the liquor in the final dilution procedure, thence electrolyte 

consistency is adjusted. 

45 

4. The recovery and regeneration process according to daim 1 , 2 or 3whtoh indudes absorption procedure (d) to 
remove a part of solute in prior to the first concentration and^or after the last dilution procedure. 

5. The recovery, regeneration and infusion apparatus of peritoneal dialysate that is infused into human peritoneal cav- 
50 ity, and immediately or after being dwelled or re-drculated for a certain period drained oulwhich indudes at least 

a drain cattieter (2). devices to concentrate the recovered effluent (1 1), a devices to supply electrolyte solution (1 3), 
of which one a pair of a devk;e(1l) and a device(13) or more ttian two sets of ttiese are connected in a series 
repeatedly, and an infusion catiieter (3). 

55 6. The recovery and regenerating apparatus according to daim 5 which indudes a pre-f ilter (6) of maximum pore size 
below 100 nanometer and a filter(8) of maximum penneeble molecule lies between 100.000 to 1.000.000 dalton 
before ttie first concentrating unit (1 1). 
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7. The recovery and regenerating apparatus according to daim 5 or 6. which indudeis concertlrating units (11 . 1 5) of 
which senti-penneabte mendDrane's maximum permeak)le molecule Pes between 500 and 30.000. 

8. The recovery and regenerating apparatus according to daim 5. 6 or 7 which uidudes a control system (f) to open 
areJ dose a valve of the diafysate reservoir(20a) and valves of fresh dialysate containers (24a, 25a) fbllowing the 
order from a hosl-computer (41) in which time program of dialysis cyde and infusing dialysate volume are preset 
through a computer (40) and a contrdler (28). and / or a control system (g) to transfer the data that is ol^tained by 
measure (44) at a dialysate reservoir (20) and its exit, to a host-computer (41) through a computer (40) and to sup- 
plement the estimated volume of amino add (21) and concentrated electrolyte sdutlon (22, 23) fdlowing host-com- 
puter's order(41) through a computer (40) and a controller (42). 

9. The cattieter used in the recovery and regeneration iqsparatus according to daim 5.6.7 or 8, of which the inner part 
comprises con-centric doUE)le lumen tube and of which one is used for infusion and the other for drani&ig respec- 
tively and connected with tiie recovery and regeneration apparatus, in place off a single draining catheter (2) and a 

single infusing catheter (3). 

10. The catheter used in the recovery and regeneration apparatus according to daim 5,6,7 or 8. of which ttie middle 
part that is implanted in patient* s ventral lateral is in shape of a single smootti cylindrical tube in which two sanidr- 
de lumens leads fiquor infusing through one lumen and draining through the other lumen respectively and in shape 
of two divided tubes in inner(31) and outer(32) parts, in place of a dn^e draining catheter (2) and a single inlusirig 
catiieter (3). 

1 1. The catiieter according to daim 5,6,7,8 or 9 of which exit of a draining tube is connected with reverse flow-proof 
valve(33) and of which the entrance of a infusion tA>e is connected witii bacteria-proof filter that comprises semi- 
permeable membrane of maxirmjm pore size below 50 nanometer. 
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Figure 1 
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Figure 2 
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Figure 4 
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